Information about the frequency, nature, and extent of acidbase abnormalities in infants with congenital heart disease is limited. Gootman et al. (1963) reported four cases with Fallot's tetralogy, pulmonary atresia, transposition of the great vessels, and severe pulmonary stenosis. All were cyanosed at the time of investigation and had a low pH (7.05-7.28) due to base depletion. Rudolph and Danilowicz (1963) (1965) reported 20 infants with congenital heart disease in cardiac failure with increased pulmonary blood-flow and/or pulmonary venous hypertension. They demonstrated the existence of raised arterial Pco2 levels in those with failure. Sunico et al. (1960) had previously reported similar findings.
Information about the frequency, nature, and extent of acidbase abnormalities in infants with congenital heart disease is limited. Gootman et al. (1963) reported four cases with Fallot's tetralogy, pulmonary atresia, transposition of the great vessels, and severe pulmonary stenosis. All were cyanosed at the time of investigation and had a low pH (7.05-7.28) due to base depletion. Rudolph and Danilowicz (1963) reported the case of a 101-month-old infant with pulmonary atresia and ventricular septal defect in a severe cyanotic attack with an arterial pH of 7.08. Conventional treatment did not produce any improvement, whereas an infusion of sodium bicarbonate brought about dramatic improvement in the level of consciousness and the pH rose to 7.38. Talner et al. (1965) reported 20 infants with congenital heart disease in cardiac failure with increased pulmonary blood-flow and/or pulmonary venous hypertension. They demonstrated the existence of raised arterial Pco2 levels in those with failure. Sunico et al. (1960) had previously reported similar findings.
In this paper the acid-base abnormalities in a group of 85 infants with congenital heart disease are examined and correlated with the clinical state. The therapeutic implications are discussed.
Methods
The infants were examined during admission for investigation or treatment. They were assessed clinically with a view to determining the type of congenital abnormality, the presence or absence of cyanosis, cardiac failure, and respiratory infection. They were also investigated by cardiac catheterization and cardio-angiography when indicated.
The acid-base state was examined by collecting capillary samples by the technique previously described by Jones et al. (1964) , and were subsequently analysed by the interpolation method (Siggaard Andersen et al., 1960) . The base deficit was calculated from a nomogram and corrections were made with the method described by these authors. Small differences between the values obtained from capillary and arterial blood occur, especially when the pH is in the region of 7, but we are satisfied that the correlation was close enough for our purposes (Jones et ad., 1964 Infection.-Since only four in the acyanotic group had respiratory infections, the following observations are confined to the cyanotic group (Table V) . As expected, the Pco, is significantly higher in the group with infection. Nine of the 11 had values for Pco, above normal, whereas 36 of the 45 without infection had values within normal limits. The standard bicarbonate is significantly higher in the group with infection. In fact 7 of the 11 in this group had values above normal and only three were below the normal range. Of the 45 without infection 32 were below normal and only two above normal. Infections in these infants tend to be of low grade and rather chronic, doubtless accounting for the high bicarbonate figures in this group. Failure.- Table VI shows the effects of failure in the cyanotic and acyanotic groups after exclusion of those with evidence of respiratory infection. It can be seen that the mean values are similar in all instances, and the differences in pH, Pco2, and standard bicarbonate between those with and without failure are not significant. 
Significance of Abnormalities
The abnormalities which have to be considered are: (1) metabolic acidosis in cyanotic congenital heart disease, (2) respiratory acidosis in cyanotic and acyanotic congenital heart disease with respiratory infection, and (3) metabolic acidosis with or without respiratory acidosis of acute onsetacute cardio-respiratory failure (states of collapse).
The significance of acid-base abnormalities turns largely upon the importance of pH in the arterial blood in relation to its effect upon cardiac function. The response of the myocardium to sympatho-adrenal stimulation has an important bearing upon cardiac output. Hypotensive states and hypercarbia increase activity of this system with liberation of catecholamines (Poole and Watts, 1959 ; Walton et al., 1959) . Catecholamines increase anaerobic glycolysis with liberation of lactic acid (Lundholm, 1956) . The amines greatly increase the contractile force of the ventricle. It has been shown experimentally that the ventricle becomes refractory to the amines when the pH is low (less than 7.1) (Thrower et al., 1961) . The depressant effect of acidaemia upon the myocardium is masked at first by stimulation of the sympatho-adrenal system, but finally prevails, and cardiovascular failure occurs in the presence of high plasma catecholamine levels. There is evidence that this refractoriness is due to the accumulation of end-products of anaerobic metabolism at the site of formation in the tissues, and this decreases the rate of energy release (Darby et, al., 1960) . Gerst et at. (1964) status by giving alkali in these circumstances unless it is with the object of carrying out some procedure such as a corrective operation. This type of abnormality is satisfactorily controllable only with the aid of a partial perfusion technique which incorporates dialysing and oxygenating units.
In addition to correction of the metabolic abnormality, it is important to avoid factors which will aggravate the situation. These are: (I) episodes of hypoventilation-for exaxnple, during anaesthesia and due to excessive sedation; (2) hypovolaemia due to blood loss ; and (3) factors which lower cardiac output. l Hypoventilation.-Efficient anaesthesia, which will avoid abnormal Po2 and Pco2 levels due to inadequate ventilation, is essential for cardiac and non-cardiac operations. In the severely ill infant procedures suph'as cardiac catheterization may be best carried out under anaesthesia with assisted ventilation and a relaxant, thus avoiding sedation, which might depress respiration.
Hypovolaemia.-Any loss of blood at catheterization or operation should be corrected without delay. If losses are appreciable the aim should be to maintain a normal venouspressure level in the right atrium rather than attempt to replace estimated losses.
Cardiac Output.-Factors which may lower cardiac output should be avoided-for example, calcium-potassium imbalance due to citrated blood should be corrected by appropriate quanti-. ties of calcium; excessive handling of the heart during surgery should be avoided so far as is possible in non-perfusion operations; prolonged coronary occlusions should be avoided.
Respiratory hifection
Relatively minor respiratory infections require vigorous treatment on account of their tendency to produce respiratory and cardiac failure. The majority'respond to antibiotics, oxygen, and humidity. Progressive respiratory failure is frequently due to Acculmuation of secretions in the airway, and this obstructive factor-is often more important than extension of a pneumoxiic ,,process in the lung. When the usual measures fail a nasal ,t:endotracheal plastic tube is passed (Fig. 1) The importance of correcting acid-base abnormalities after an episode of acute cardio-respiratory failure has been stressed in they past (Stewart et at., 1962; Milstein, 1963 ; . Stewart, 1964) , and the principles of treatment apply equally to infants with congenital heart disease. Wewould stress that the timing of therapeutic measures is all-important. Immediately after beginning assisted ventilation and external. cardiac massage (whether actual cardiac arrest has occurred 'or not) a solution of 2.74 sodium bicarbonate should be injected into a scalp vein in a dose of 5 ml./kg. body-weight. The acid-base status is subsequently measured and further treatment given in accordance with the results. Summary Acid-base abnormalities in a group of 85 infants with congenital heart disease have been examined. Of the lesions 56 were cyanotic and 29 acyanotic. The incidence of respiratory infection and of congestive cardiac failure are similar in both groups. The blood pH is significantly lower in the cyanotic group, and this is due to base depletion. The Pco2 levels are not significantly different in the two groups. In the cyanotic group, in the presence of infection, Pco2 levels and the standard bicarbonate. are increased. The differences ini pH, Pco2, and standard bicarbonate between those with failure unaccompanied by infection and those without failure are not significant. The incidence of failure in those with infection is significantly higher.
The importance of arterial pH in relation to cardiac function is discussed. Hypoxic states are associated with a low arterial pH. A pH of less than 7.2 calls for oral: or parenteral bicarbonate therapy. An important part of the treatment of " cyanotic attacks " is correction of base depletion. In additiof, factors causing hypoventilation, hypovolaemia, and a low cardiac output should be avoided.
